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Process and system for bending glass sheets 

The invention relates to a process for bending 
glass sheets, in which the glass sheets are prebent by 
5 gravity in a horizontal position on a bending frame and are 
then bent to their final shape using a final bending former 
acting on the prebent sheets. It also relates to a system 
particularly suitable for carrying out this process. Bent 
glass sheets are often still made into vehicle windows or 

10 glazing for buildings. 

Document EP 0 705 798 Bl discloses a process for 
bending, on a frame, one or more glass sheets arranged in 
pairs, one on top of the other, by gravity, in which the 
sheet (s) laid on a rigid prebending frame adapt themselves to 

15 the profile of this bending frame by gravity. In the next 
stage of the bending, the sheets to be bent are transferred 
from the prebending frame situated on the outside to a 
moveable final bending frame situated on the inside, which 
can be controlled purely mechanically. 

2 0 Document DE 43 37 559 CI discloses a process in 

which pairs of glass sheets prebent on a bending frame are 
applied from underneath to a solid upper bending former. The 
solid bending former is surrounded around its edge by a skirt 
forming an annular slit with the outer edge of the upper 

25 bending former. After the heated glass sheets have been 
applied to the upper bending former by the bending frame, air 
is extracted through said annular slit at high velocity. As a 
result of this, the two sheets are pressed firmly onto the 
upper bending former. They receive their definitive spherical 

30 configuration together. The flow of air into the annular slit 
must also expel any air inclusions between the two glass 
sheets . 

Another process for bending pairs of superposed 
glass sheets heated to their softening point is known from 
35 document DE 101 05 200 Al . The pair of sheets is in this case 
laid on a bending frame for prebending by gravity and then 
transferred in the form of a pair of prebent sheets to a 
solid bending former with suction, having a concave forming 
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surface, thus ensuring application of the lower face of the 
lower glass sheet at least around the peripheral edge of the 
forming surface. The application of a partial vacuum for a 
predetermined length of time causes the air to be drawn out 
5 of the space between the lower face of the lower glass and 
the suction-type bending former and the pair of sheets is 
pressed by the ambient pressure against the concave forming 
face of the suction- type bending former. Following the 
application of the partial vacuum, the pair of glass sheets 

10 in their final shape are transferred from the suction-type 
bending former to a transfer system and then cooled. 

The problem addressed by the invention is how to 
devise another glass sheet bending process and a system 
suitable for carrying out this process. 

15 In accordance with the invention, this problem is 

solved as regards the process by the features of claim 1. The 
features of claim 10 present a corresponding system. The 
features of the dependent claims associated with the 
respective independent claims indicate advantageous 

20 embodiments of these subjects. 

In the bending process of the invention, the 
forming of the glass sheets heated to their softening point 
is carried out in at least two steps, namely a prebending 
step by gravity on a prebending former and another bending 

25 step on a second, final bending former in the form of a 
frame. The sheets are removed from the prebending former, 
raised and laid on the final bending former by a transfer 
former. The transfer former, whose outside dimensions are 
smaller than the unoccupied openings of the prebending former 

3 0 and of the final bending former, is for this purpose moved up 
through the prebending former, in the opposite direction to 
the action of gravity. In the present case, the transfer 
former picks up the glass sheets and transports them 
horizontally to a sufficiently great distance above the 

3 5 prebending former, in such a way that the final bending 
former can be brought underneath the transfer former and 
lined up with it in vertical projection. The transfer former 
is then lowered through the final bending former, at which 
point the glass sheets are laid on the final bending former 
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and put through the final bending operation. The horizontal 
lining up of the transfer former with the final bending 
former may be effected by a horizontal movement either of the 
transfer former or of the final bending former. 
5 Given that the outside dimensions of the transfer 

former are smaller than those of the prebending former and 
than those of the final bending former, the peripheral edges 
of the glass sheets extend beyond the surfaces of the 
transfer former on which the glass sheets are supported. 

10 These peripheral edges form the surfaces of contact with the 
forming surfaces of a prebending and final bending ring. 

The separation of the prebending and final bending 
ring in the process of the invention has several advantages. 
In the first place, separate bending tools for the prebending 

15 step and for the final bending are simpler and cheaper to 
produce than a combined tool all on one base frame. Also, the 
tools can be made more suitable for their respective 
functions, without having to accept compromises due to lack 
of available space or because heat transfer is prevented by 

20 massive combined tools. Lastly, because of the separation of 
the prebending and final bending former, an oven can be 
constructed with two compartments: in the first compartment, 
one or preferably two or more prebending formers carrying 
glass sheets are heated to a specified first temperature, 

25 while the second compartment comprises a bending cabin in 
which the final bending former is situated and where the 
final bending takes place under the influence of a second 
temperature, higher than the first. 

In the simplest embodiment of the process of the 

30 invention, both the prebending and the final bending are done 
by gravity. It is however also possible to perform a third 
bending step, by equipping the transfer former with 
additional glass bending means. For example, it is possible 
to arrange in the transfer former a system for producing a 

35 partial vacuum acting on the lower face of the glass sheets 
and thus producing an additional bending. Such a transfer 
former may also consist of a solid concave bending former 
which, unlike frame- type bending formers, can also be used to 
influence and exactly control the shape and depth of bending 
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of the central regions of the glass sheets. 

In another advantageous embodiment of the process 
according to the invention, the final bending step may, 
additionally or alternatively, be a press bending step. This 
5 needs an upper former, which presses the glass sheets placed 
on the final bending former to the desired shape in specific 
regions. The upper former may in this case be annular, in 
such a way that only the peripheral region of the sheets 
pressed onto the final bending former is deformed with force. 

10 A solid convex upper former is however preferred, with which 
the whole of the surface of the sheets can be influenced. In 
addition, the upper former may be equipped with a means for 
producing an increased pressure or a partial vacuum in order 
to accentuate the pressing operation. The pressure difference 

15 then acts between the upper surface of the glass sheets and 
the downward forming face of the upper former, and deforms 
the sheets in the desired manner. 

The process of the invention is as suitable for 
individual glass sheets as for pairs of glass sheets placed 

20 on top of each other, which are usually completed as 
laminated safety glazing after the bending operation. 

Following the bending process, the individual glass 
sheets or pairs of sheets are cooled. If the individual 
sheets are intended to be made into toughened safety glass, 

25 they must be cooled very rapidly, as is known, in order to 
produce the necessary stresses in the glass. So-called 
thermal toughening usually has to be carried out on a special 
toughening ring. The individual glass sheets or pairs of 
glass sheets can be transferred to a cooling or toughening 

3 0 'system by another transfer former, in the same way as when 
transferring it or them from the prebending former to the 
final bending former. If a second transfer former is used, 
the bending process of the invention does not need to make 
use of differential pressure for transporting the sheets. It 

35 is of course also possible to lift the sheets individually 
out of the final bending former by applying a partial vacuum 
to the upper former and laying them on a toughening ring. In 
the case of pairs of glass sheets, a skirt and an air flow 
passing around the upper former at high speed through the 
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annular slit between the skirt and the upper former can 
produce a differential pressure by which the pairs of glass 
sheets can be lifted out of the final bending former. 

Other details and advantages of the subject of the 
5 invention will be shown, though with no limitation being 
implied, in the illustrated depiction of different phases of 
the method in a corresponding system, and by the following 
detailed description. 

In the drawings showing highly simplified 
10 representations : 

fig. 1 shows the prebending operation, 

fig. 2 illustrates the transfer of the glass sheet 
from the prebending former to the transfer former; 

fig. 3 shows the final bending former being 
15 positioned under the transfer former; 

fig. 4 illustrates the transfer of the glass sheet 
from the transfer former to the prebending former; 

fig. 5 shows the final bending former being 
positioned under the upper former; 
20 fig. 6 illustrates the press operation; and 

fig. 7 shows the glass sheet after being 
pressed in the final bending former. 

Fig. 1 shows, inside a bending station 1 indicated 
simply by a frame, a glass sheet 2 heated to the bending 

2 5 temperature and placed on a prebending former in the form of 

a frame 3, having already undergone prebending by gravity. 
The transport means, with which the prebending former 3 has 
been brought into the bending cabin, and the heating oven, 
are not illustrated here. The prebending former 3 can be used 
30 for transporting the glass sheet 2 through the heating oven, 
but it is also possible to use other means for transporting 
the glass sheets through the oven and then transferring the 
glass sheet 2 to the prebending former. The prebending step 
is done by gravity each time on the prebending former 3 . This 

3 5 prebending has already taken place by the time we see fig. 1. 

Under the prebending former 3 is a transfer former 
4, also in the form of a frame, whose outside perimeter is 
smaller than that of the unoccupied space enclosed by the 
forming surfaces of the prebending former 3 
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In a position horizontally at a distance from the 
prebending former 3 and the transfer former 4 is a final 
bending former in the form of a frame 5 and a solid convex 
upper former 6. The upper former 6 does not necessarily have 
5 to be used, but its use may if required, especially with 
complex glass shapes, significantly improve the accuracy of 
the shape, particularly in the central regions of the glass 2 
after the bending operation. 

The arrows in fig. 1 indicate in which directions 

10 the transfer former 4, the final bending former 5 and the 
upper former 6 can be moved parallel to the plane of the 
drawing by drive systems, not shown here. The prebending 
former 3 may also be transportable for example in a direction 
departing from the plane of the drawing, to reach the oven 

15 (not shown) which may be in perspective behind the bending 
station 1. 

Clearly, all the surfaces that come into contact 
with the hot glass sheet 2 are machined in the usual way 
and/or are provided with a heat-resistant woven or knitted 

2 0 fabric and/or with a corresponding coating. 

Fig. 2 shows the operation of transferring the 
glass sheet 2 from the prebending former 3 to the transfer 
former 4. For this purpose the latter moves up (against the 
direction of gravity) through the prebending former 3 and 

25 thus raises the glass sheet 2 from the forming surface of the 
prebending former 3 . The outer perimeter of the transfer 
former 4 is slightly smaller than the inner opening of the 
prebending former in the form of a frame 3, and can thus be 
passed through the prebending former with a small gap all the 

30 way around as it rises. The movement could also of course be 
the other way around, with the prebending former 3 being 
lowered around the transfer former 4. 

Fig. 3 shows the next stage in the bending process 
of the invention, in which the transfer former 4 with the 

35 glass sheet 2 has reached its highest position and in which 
the final bending former has been moved horizontally and 
positioned underneath the transfer former. Here again, the 
movements could of course be switched about, with the 
transfer former executing the horizontal movement toward the 



final bending former. The prebending former 3 is in the 
meantime removed from the bending cabin 1 in order for 
example to make way for another prebending former carrying 
the next glass sheet to be bent or even to remove the next 
5 glass sheet. 

The transfer former 4 is lowered, as fig. 4 shows, 
through the final bending former 5, the projecting edge 
regions of the glass sheet 2 being laid on the forming 
surfaces of the final bending former in the form of a frame 

10 5. The outer perimeter of the transfer former 4 must again be 
slightly smaller than the inner opening of the final bending 
former in the form of a frame 5 to allow it to be passed 
through the final bending former 5 with a small gap all the 
way around as it descends. 

15 The transfer former 4 has by now preferably already 

been lowered in such a way that it is in the initial position 
ready to transfer a new prebent sheet. 

For the optional press operation, as mentioned 
earlier, the final bending former 5 carrying the sheet 2 is 

20 positioned horizontally beneath the upper former 6 (fig. 5) . 
In the next stage of the bending process, shown in fig. 6, 
the sheet 2 is pressed against the upper form 6 by the final 
bending former 5. This press operation is generally necessary 
when a second gravity bending on the final bending former 5 

25 is not sufficient to achieve the desired bend in the glass 2. 
The press operation begins with the vertical lowering of the 
upper former 6, the shape of which is complementary to that 
of the final bending former 5, in such a way that the edges 
of the glass are pressed into their definitive form on the 

30 final bending former 5. The forming of the middle of the 
sheet may be further enhanced by producing a differential 
pressure between the upper surface of the glass sheet 2 and 
the downward-oriented forming surface of the upper former 6, 
for example in order to suck the sheet 2 onto said forming 

35 surface. 

It should be noted that the final bending former 5 
could extend, unlike the simplified illustration shown here, 
at least as far as the edges of the glass, or even past them, 
if it is used as a press former for applying the glass sheet 
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against an upper former. 

After the upper former 6 has been raised, the glass 
2 is, as shown in fig. 7, bent to its final shape and can be 
removed by some appropriate means from the final bending 
5 former 5 for cooling or toughening. At the same time a new 
glass sheet 2.1 is introduced on a prebending ring 3.1 so 
that the bending cycle can begin again. 

As already explained above, the relative movements 
between the various parts of the bending system can of course 
10 be switched. Likewise, the glass sheet may also be a pair of 
glass sheets, which are bent together. 



